Western Kentucky University

TopSCHOLAR®
Honors College Capstone Experience/Thesis
Projects

Honors College at WKU

8-14-2016

The Lagging State of Renewable Energy in
Kentucky
John Evans
Western Kentucky University, john.evans961@topper.wku.edu

Follow this and additional works at: http://digitalcommons.wku.edu/stu_hon_theses
Part of the Mining Engineering Commons
Recommended Citation
Evans, John, "The Lagging State of Renewable Energy in Kentucky" (2016). Honors College Capstone Experience/Thesis Projects. Paper
619.
http://digitalcommons.wku.edu/stu_hon_theses/619

This Thesis is brought to you for free and open access by TopSCHOLAR®. It has been accepted for inclusion in Honors College Capstone Experience/
Thesis Projects by an authorized administrator of TopSCHOLAR®. For more information, please contact topscholar@wku.edu.

THE LAGGING STATE OF RENEWABLE ENERGY IN KENTUCKY

A Capstone Experience/Thesis Project
Presented in Partial Fulfillment of the Requirements for
the Degree Bachelor of Science/Arts with
Honors College Graduate Distinction at Western Kentucky University

By
John N. Evans
*****

Western Kentucky University
2016
CE/T Committee:
Approved by
Professor Stephen Locke
Professor Leslie North
Professor Dennis Wilson

______________________
Advisor
Department of Economics

Copyright by
John N. Evans
2016

ABSTRACT

It is evident that Kentucky's energy landscape is characterized primarily by coal
and, to a lesser degree, natural gas and oil. It seems there's almost no room for renewable
energy sources in Kentucky’s energy sector despite plentiful evidence of global climate
change caused largely by carbon dioxide emissions from fossil fuels. Other states are
paving the way in the renewable energy industry by investing in solar, wind and
geothermal energy among other forms while Kentucky continues to sit back seemingly
content with utilizing energy practices that are several decades old. In this project, I will
be addressing reasons for the slow adoption of renewable resources in the state and
discussing potential methods for development in this area. Questions I will attempt to
answer include: what causes this lag in innovation and growth? Is it the geography,
culture, government, or maybe a combination of all three? Is it a lack of motivated
scientists and businessmen that could progress the field of renewable energy in state? Is it
a lost cause or is there something that regular people can do about it? By investigating
some of these difficult questions, I hope to generate some ideas for jumpstarting a green
revolution in the bluegrass state.
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Introduction
With a sort of atypical education background that consists of a double major in
economics and geography, one could infer that my interests span multiple fields of
academia and sometimes intersect between various disciplines. I have found that most
real world problems lie at these “intersections” and thus require personnel with varying
backgrounds and expertise to begin to resolve. The issue of transitioning from fossil fuels
to renewable energy resources is a prime example. While spanning the fields of
economics, cultural and physical geography, science, engineering, politics and probably
many more, I will attempt to offer a consolidated report on the state of the Kentucky’s
energy industry and an analysis of why it is the way it is.
An intrinsic property of fossil fuels is that they are in limited supply and will run
out with continued use. Furthermore, they often require drastic measures to be extracted
and converted to energy which can potentially wreak havoc on the surrounding
environment including wildlife, plants, abiotic systems and humans. There is a wealth of
information on the implications of global climate change and the role that carbon
emissions are playing in it. This project will only briefly touch on the drawbacks of the
utilization of coal and other fossil fuels and the damage they cause, and will instead be
geared more toward the factors in play in the energy situation Kentucky specifically.
Relevant data will be analyzed with the end goal of exploring potential policy ideas for
the Commonwealth to take to follow the footsteps of more environmentally conscious
1

states and nations and make progress toward becoming energy independent by way of
increased use of renewables.
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Chapter 1: Summary of Kentucky's Energy Industry
Kentucky has been and continues to be one of the leading coal producing states in
the U.S. In 2013, Kentucky consumed 914 trillion btu's (British thermal unit) of energy
from coal, which was good enough to place 6th in the nation. The state held 36th and
19th place in output from natural gas and petroleum respectively. Kentucky also ranked
20th in total energy consumption at 1,822.7 btu's, a place quite high given the states
relatively low population compared to other states. This translates to 11th place when
consumption is considered on a per capita basis. The economic sector that utilizes the
most of this energy is the industrial sector which uses 712.9 btu's in 2013 (State Energy
Data System (SEDS): 1960-2013 (complete), 2015).
Nearly one third of the nation’s coal mines are found in Kentucky. Kentucky sells
almost three fourths of the produced coal to several states throughout the east coast and
the Midwest. Despite the colossal size of the coal industry in the state, employment in the
industry has been declining due to increased regulations from the EPA, competition from
natural gas and automation of mining techniques. As shown in Figure 1.1, between 2011
and 2013, employment in Kentucky’s eastern coal mines shrunk by a whopping 42%,
while employment in the western mines dropped 2.3%. Natural gas and petroleum are
also produced in Kentucky, but to a much lesser degree. The state accounts for 0.5% of
the nation’s natural gas production and a mere 0.1% of the nation’s petroleum. The one
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positive of utilizing such cheap, dirty forms of energy is that Kentucky has the fifth
lowest retail price of energy in the nation at 7.2 cents per kilowatt hour (Kentucky: How
Green is the Bluegrass State, 2013). Rising energy prices induced by phasing out coal is a
serious concern for Kentuckians that should be taken into account.

Figure 1.1: Coal Mine Employment 2000-2015 (taken directly from
http://energy.ky.gov/Coal%20Facts%20Library/Kentucky%20Quarterly%20Coal
%20Report%20(Q4-2015).pdf, “Kentucky Quarterly Coal Report October to
December 2015,” 2015)
On a related note, Kentucky ranked 11th in total carbon emissions at 137 million
metric tons emitted in 2013 while conveniently placing 11th in carbon emissions per
capita (Rankings: Total Carbon Dioxide Emissions, 2013, 2014). Furthermore, Kentucky
exhibited the 13th lowest decrease in carbon emissions from 2000 to 2013. These figures
obviously do not cause much reason for Kentuckians to be optimistic about the issue of
carbon emissions and climate change. Figures 1.2 and 1.3 offer a comparison of
Kentucky’s carbon emissions profile to that of the rest of the U.S. Figure 1.4 illustrates
the degree to which fossil fuels are consumed in comparison to renewable energy sources
(Kentucky State Profile and Energy Estimates, 2015). As of 2012, the largest renewable
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energy sector in the state was hydroelectric, which only accounted for 3% of the state's
total energy generation with coal producing 92% (Renewable Energy in Kentucky, 2014)

Figure 1.2: Per Capita Carbon Emissions by U.S. State (data retrieved
from http://www.eia.gov/environment/emissions/state/analysis/, (EnergyRelated Carbon Dioxide Emissions at the State Level, 2000-2013, 2015)
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Figure 1.3: Percent Decrease in Carbon Emissions by U.S. State (data retrieved from
http://www.eia.gov/environment/emissions/state/analysis/, (Energy-Related Carbon
Dioxide Emissions at the State Level, 2000-2013, 2015)

Figure 1.4: Kentucky Energy Consumption Estimates, 2013 (taken
directly from http://www.eia.gov/state/?sid=KY, “Kentucky State Profile and Energy
Estimates,” 2015)
6

Geography
Kentucky's lack of an established renewable energy industry is due to a
combination of geographic, political, cultural and business factors. Geography in
particular is very influential. Kentucky simply doesn't have the resources that cater well
to the variety of renewable energy sources available. For example, solar energy would be
much more viable in the sunny southwest than in Kentucky. The same scenario applies to
wind in the Midwest. Many areas that have a heavily developed renewable industry have
a specific renewable source that corresponds well to the physical geography of the area.
This is not the case in Kentucky, which could be a huge factor in the slow development.
Geography also plays a role in Kentucky's energy consumption independent of renewable
resources. In California, for example, electricity use has remained stable over the past
three decades while usage in most other states has risen dramatically (Levinson, 2014).
This example in California, however, does not offer a model for other states to follow.
California's mild climate means that decades of increased incomes translate to less of an
increase in heating and cooling than in most other states, equating to less energy use per
capita. Kentucky in particular has a very temperate climate with very hot summers and
often cold winters. A family in Kentucky will likely use more heating and cooling per
year than a family in California. Also, California's household size has decreased less so
than most other states in the U.S. Because smaller household sizes equates to lower
energy use per capita, California's slightly high average household size also helps show a
deceivingly low level of energy use per capita, proving that California's low values are
largely coincidental and cannot be replicated by Kentucky and most other states
7

(Levinson, 2014). Figures 1.3 through 1.7 from the National Renewable Energy
Laboratory illustrate where Kentucky’s geography falls short when it comes to the
development of several renewable resources (Dynamic Maps, GIS Data, & Analysis
Tools, 2015

Figure 1.5: U.S. Solar Resource Viability Map (taken directly from
http://www.nrel.gov/gis/maps.html, “Dynamic Maps, GIS Data, &
Analysis Tools,” 2015)
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Figure 1.6: U.S. Wind Resource Viability Map (taken directly
from http://www.nrel.gov/gis/maps.html, “Dynamic Maps, GIS
Data, & Analysis Tools,” 2015)

9

Figure 1.7: U.S Non-Powered Dams with Highest Energy Potential Map
(taken directly from http://www.nrel.gov/gis/maps.html, “Dynamic Maps,
GIS Data, & Analysis Tools,” 2015)

Figure 1.8: U.S. Geothermal Resource Viability Map (taken directly
from http://www.nrel.gov/gis/maps.html, “Dynamic Maps, GIS Data,
& Analysis Tools,” 2015)
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Figure 1.9: U.S. Solid Biomass Resource Viability Map (taken
directly from http://www.nrel.gov/gis/maps.html, “Dynamic
Maps, GIS Data, & Analysis Tools,” 2015)
By analyzing the resource favorability maps above, it is no surprise that
hydroelectric energy is Kentucky’s largest renewable energy sector. Kentucky does not
have the open, flat plains necessary for wind energy, nor the regular intense sunlight
necessary for solar power. Kentucky does, however, have plentiful rivers that feed into
man-made lakes, creating electricity in the process by flowing through dams. The
viability of different energy sources will be revisited in later. Nuclear energy, which
carries its own set of risks and rewards largely independent of geography, will also be
assessed.
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Economic and Political Factors
I also suspect economic and political factors to play a large role in the slow
expansion of Kentucky's renewable energy industry. Being a rather right leaning state,
Kentucky is obviously predisposed to better cater to the fossil fuel industry than more left
states. Long time Kentucky Senator Mitch McConnell and other policy makers prioritize
keeping the state's coal industry jobs over taking steps to reduce carbon emissions. As of
October 2015, McConnell is planning a new legislative attack against President Obama’s
Clean Power Plan, which aims to set a limit on carbon dioxide emissions of power plants
(Bruggers, KY, McConnell go after Obama climate plan, 2015). Although the loss of coal
jobs is a concern to be taken seriously, the addition of renewable energy jobs should be
seen as an opportunity for the state and should be acted on sooner rather than later. Justin
Maxson, Mountain Association for Community Economic Development President, says
that Kentucky should act quickly with a new set of incentives to take advantage of the
new environmental regulations and spark growth of the renewable energy industry.
Maxson also notes that nearby states Virginia, Tennessee and North Carolina have
embraced the regulations and have begun producing significantly more energy from
renewable sources than Kentucky (Peterson, 2014).
The League of Conservation Voters (LVC) has compiled data that blatantly
illustrates the degree to which party lines determine which side of an environmental vote
a politician will take. Not surprisingly, Kentucky took the side against environmental
conservation in a vast majority of these votes. Figure 1.8 shows that all of Kentucky’s
current senators and all but one representative have abysmal scores and thus almost
always vote against pro-environmental reforms. The one Kentucky policymaker with a
12

score indicating support for pro-environmental policy is Democratic Representative, John
Yarmuth, who was given a score of 91% in 2015. The next highest 2015 score was
Thomas Massie with a score of 11%, while Senator Mitch McConnell and three of the six
representatives posted 2015 scores of 0%. This data shows that a policymaker’s party
likely plays a key role in determining whether they will be overwhelmingly for or against
policy that aims to improve the environment. There is essentially no middle ground in the
state of Kentucky, as every office holder tends to nearly always vote one way or the other
(National Environmental Scorecard, 2015).

Figure 1.10: Kentucky Environmental
Scorecard for Senators and Representatives
(taken directly from http://scorecard.lcv.org/,
“National Environmental Scorecard”, 2015)
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Another huge influence on the fossil fuel industry's grasp in Kentucky
and the rest of the U.S. are the campaign contributions made by the corporations or
individuals with close ties to them. Senator Mitch McConnell accepted more than
$250,000 in contributions from the coal industry in the 2013-2014 election period, nearly
three and a half times more than they bestowed on their next highest recipient (Negin,
2015). This should be expected, however, as McConnell's agenda includes supporting
coal and other fossil fuel industries and attempting to limit the Environmental Protection
Agency's control on the matter. McConnell's view resonates with many Kentuckians
despite the coal industry facing a host of other problems independent of the EPA such as
slow growth in electricity demand, shrinking reserves and competition from other fossil
fuels and renewable energy. Automation has also contributed to the loss of jobs in the
fossil fuel industry. The U.S. Energy Information Administration reported that in 1983,
175,640 workers produced 782 million tons of coal from 3,337 mines. In 2013, 79,400
workers produced 985 million tons from 1,061 (Negin, 2015). Figure 1.9 shows that coal
jobs have been steadily declining since the 1990s. This shows that the loss of jobs is
nothing new, and certainly cannot be blamed entirely on policy. Unfortunately many
citizens insist on blaming the usually Democratic and Independent officeholders who are
enforcing tighter environmental regulations. The issue of colossal campaign contributions
from fossil fuel backers extends to the national level as well. Nearly all 2016 Republican
Presidential nominees have accepted millions in donations from fossil fuel companies.
Texas Senator Ted Cruz, one of the most prominent climate change deniers in the U.S.,
has received $36.5 million from just four wealthy sources with ties to the fossil fuel
14

industry. Former Florida Governor Jeb Bush has also received donations from sources
linked to polluting industries totaling $13.3 million as of August 2015 (Pilkington, 2015).
Considering the numerous hardships being faced by the coal, natural gas and oil
industries, it isn't surprising that many will gladly donate millions in an attempt to keep
regulations loose so that they can profit from polluting the environment for a little longer.

Figure 1.11: Coal Production Trends in Eastern Kentucky (taken
directly from https://www.kftc.org/campaigns/appalachian-transition/coalproduction-and-employment-trends, “Coal Production Trends in Eastern
Kentucky, 2016)
Culture
Kentucky culture also plays a role in the continued use of fossil fuels in
Kentucky. Many Kentucky citizens may find it difficult to take a stance against coal
when their friends and family members have worked in the industry for many years.
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Proponents of renewable energy should make it clear that the motive isn't to destroy
fossil fuel jobs, but instead to make positive changes with the aim of preserving the
environment for future generations. Loss of jobs in certain sectors happens during
economic transition all the time, and taking a stance to protect jobs at the expense of
positive change equates to taking a stance against progression of the human race. There
will always be a demand for electricity, and whatever fossil fuel jobs were lost in the
transition will be made up for in the renewable industry. Unfortunately, the vast majority
the miners who lose their jobs will not be the technicians and businessmen producing
renewable energy. The point is that the economy will recover. Coal is a finite resource, so
the jobs in the industry were by no means permanent to begin with. With coal being the
'dirtiest' form of energy and becoming more and more expensive to extract, the transition
to other energy sources should be a much higher priority than it currently is in Kentucky.
The cultural factors that aid the fossil fuel industry in Kentucky in turn propel the
political stance, as candidates who support coal and other fossil fuels are more likely to
get elected. This rings true today as Kentucky Governor Matt Bevin has made it clear that
he strongly supports the coal industry and appointed someone with 35 years of
experience in the coal industry as secretary of the state's Energy and Environment
Cabinet (Clean Power Plan for Existing Power Plants, 2016). With such strong supporters
of coal and other fossil fuels in office in Kentucky, any steps taken by the federal
government to mandate transition to renewable energy are largely ignored. For this
reason, a substantial change in the current state in policy will likely have to come from
within the bluegrass state as opposed to the federal level.
Relevant Laws and Policies
16

Perhaps the one national law that is most applicable to this issue is the Clean Air
Act of 1963. One major part of this act is to set limitations on the amount of carbon
dioxide emitted from firms including power plants. The U.S. Environmental Protection
Agency along with state level environmental agencies attempt to enforce the regulations
that this act entails (Air Enforcement, 2015). Kentucky also implemented the Air Toxics
program in 2008. When first presented, the regulation in chapter 63 of the Kentucky
Administration Regulations stated, “No owner or operator shall allow any affected
facility to emit potentially hazardous matter or toxic substances in such quantities or
duration as to be harmful to the health and welfare of humans, animals and plants.
Evaluation of such facilities as to adequacy of controls and/or procedures and emission
potential will be made on an individual basis by the cabinet.” This policy mandates that
regular screenings are carried out for each chemical that has an established value in the
U.S. EPA Regional Screening table. If the concentration exceeds the designated
threshold of one in a million carcinogenic risk or the reference concentration, further
testing is conducted to assess the human health impacts posed by the emissions. If it is
determined that the emissions pose a serious risk to human health, the facility will be
required to develop a course of action to decrease the emissions (Division for Air
Quality: Air Toxics, 2016).
In August of 2015, President Obama and the EPA announced an extension of the
Clean Air Act called the Clean Power Plan. This plan sets targets for emissions reduction
on a state by state basis. Each state is free to choose among several options regarding
how they will reduce emissions. The options include investing in renewable energy,
improving energy efficiency, natural gas and nuclear power, and shifting away from coal
17

generated power. The plan also includes steps aimed at limiting the rush to natural gas.
On February 9, 2016, however, the Supreme Court placed a hold on the Clean Power
Plan, which will stay in place until a lower court rules on the plan’s merits and the
Supreme Court either refuses to hear the case or rules on the merits. This hold is likely to
last approximately 18 months (The Clean Power Plan: A Climate Game Changer, 2016).
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Chapter 2: Energy Source Cost-Benefit Analysis: Fossil Fuels
This section will include an analysis of the most viable fossil fuel based energy
sources with the aim of quantifying the environmental damage caused by these sources in
relation to each other and to potential renewable sources. This analysis will start with
coal as it is the most widely used energy source in Kentucky as well as the most
damaging. The main reason that coal is so widely used in Kentucky and across the
country is because it is cheap and easier to store for later use than natural gas and oil. To
compare the costs of using different fuel types that are sold in different units, I will be
using the cost to generate one kilowatthour (kWh) of electricity from a specific energy
source, the heat contents per unit of the source and the average cost and performance
characteristics of building a new power generating plant for each fuel type. As of 2015,
the average cost of one kWh of electricity for the residential sector in Kentucky was
10.69 cents, which is the 10th cheapest value among the 50 states and D.C. (Rankings:
Average Retail Price of Electricity to Residential Sector, 2015).
Coal is a big reason for why electricity in Kentucky is relatively cheap. To
produce one kWh of electricity, 0.00052 short tons (1.05 lbs.) of coal is needed. This
compares to 0.01010 Mcf (1 Mcf equals 1,000 cubic feet) and 0.00175 barrels (0.07
gallons) of Petroleum. Because these values are in different units, it is hard to draw useful
inferences. Some simple math must be done to convert the figures into a common cost
19

based on the heat content of each source such as dollars per million British thermal units
(Btu) of heat content. The formula for this calculation is [(Fuel price per unit) / (fuel heat
content per unit)] X 1,000. The calculations for coal are as followed:
Coal: ($59.58 per short ton / 19,210,000 Btu/short ton) X 1,000 = $0.0031 per million Btu
Natural Gas: ($11.07 per 1,000 cubic ft / 1,025,000 Btu/1,000 cubic ft) X 1,000 = $0.0108 per
million Btu
Petroleum: ($39.15 per barrel / 5,892,000 Btu/barrel) X 1,000 = 0.0066 per million Btu

(Energy Information Administration, 2015)
Although it is difficult to draw comparisons when converting the price to a
common unit, coal is half the price of same amount of petroleum in British Thermal Units
and nearly one fourth the price of natural gas. Figure 2.1 offers a comparison of
emissions of each of the fossil fuels mentioned. Not surprisingly, all three forms of coal
emit more CO2 per unit of measurement than natural gas and petroleum (Energy
Information Administration, 2016). The cheap price tag along with large reserves found
in Kentucky make it quite obvious why our state is so reliant coal.

Figure 2.1: Fossil Fuel Carbon Emissions per kWh (taken directly
from https://www.eia.gov/tools/faqs/faq.cfm?id=74&t=11, Energy
Information Administration, 2016)

20

Figure 2.2 illustrates how Kentucky’s coal use compares to the rest of the U.S. In
2013, Coal accounted for 93% of Kentucky’s electricity generation while it only
accounted for 39% for the U.S. as a whole. The rest of the nation is far more reliant on
natural gas as well as renewable energy sources than Kentucky (Patrick, Blandford, &
Waddell, 2014).

Figure 2.2: U.S. Energy Sources Compared to Kentucky Sources (taken
directly from:
http://energy.ky.gov/Kentucky_Energy_Profile/Kentucky%20Energy%20Profile
%202014.pdf, Patrick, Blandford, & Waddell, 2014)
Another way to compare the practicality of various energy sources is to compare
the overnight construction costs of investing in a particular resource technology, the
operating and maintenance costs of that facility, and the capacity of the facility. The
overnight cost is basically the cost of building a particular power plant overnight.
Although the “overnight” distinction may sound silly because of its impracticality, it
offers a better comparison among different resources because it doesn’t take escalation of
21

commodity prices over time into account. The operation and maintenance costs are
obviously the costs of operating and maintaining a specific plant. The capacity, or simply
size in figure 2.2, is the amount of output a generator can produce under specific
conditions (Capital Costs for Electricity Plants, 2013). Figure 2.1 shows these values
among others for different fossil and renewable energy resources, allowing for
comparison of costs among them (How much does it cost to build different types of
power plants in the United States?, 2015).
According to figure 2.2, scrubbed new coal technology had a 2014 base overnight
cost of $2,726 per kW for a 1300 MW generator, with a variable operating and
maintenance cost of $4.47 per mWh and a fixed O&M cost of $31.16 per kW produced
every year. Conventional natural gas/oil combination cycle system had a 2014 base
overnight cost of $869 per kW for a 620 MW generator, with a variable operating and
maintenance cost of $3.60 per mWh and a fixed O&M cost of $13.16 per kW produced in
a year. Although coal power plants have a significantly higher generating capacity, the
gas/oil systems have a much cheaper base overnight cost as well as cheaper operation and
maintenance costs. This figure will also be used to compare the costs of renewable
sources in the next chapter (Energy Information Administration, 2015).

22
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Although there are a variety of factors that play into Kentucky’s slow movement
away from coal, one wouldn’t be wrong to simply chalk it up to the cheap price.
Unfortunately the current market price for coal doesn’t reflect the true environmental and
social costs of the resource. University of Chicago economist Ian Perry’s latest project

Figure 2.3: Cost and performance characteristics of new central station (taken directly
from http://www.eia.gov/forecasts/capitalcost/, “Capital Costs of Electricity Plants,” 2015)
fF

24

has been quantifying energy externalities for 156 countries. In regards to coal, he and his
team found that coal in all countries coal is extremely undercharged not only for carbon
emissions but also because of health costs and local air pollution. Perry determined that
the price paid for coal in regards to its carbon emissions is $3.3/gigajoule (GJ) of energy,
a value that is quite substantial when compared to a worldwide average cost of $5/GJ in
2010. Figure 2.3 illustrates what should be the tax on coal given the carbon emissions and
local pollution levels for various countries. A few countries on the list actually have
subsidies for coal production, which simply makes no sense when actual costs of burning
the resource are taken into account. Perry found that air pollution damage from natural
gas is somewhat small compared to coal, but tax increases are still needed to accurately
reflect carbon emissions for that resource as well. Perry concluded that corrective taxes
can yield substantial reductions in pollution-related deaths and can decrease CO2
emissions by 23 percent (Davis, 2016). Rallying support for new energy taxes in
Kentucky will be difficult, but the effects of a new set of taxes better aligned with
environmental costs could be a simple way for policy to reshape the energy landscape in
Kentucky. This idea will be revisited in the course of action section.

25

Figure 2.4: Corrective Coal Tax Illustration (taken directly
from https://energyathaas.wordpress.com/2016/03/07/gettingenergy-prices-right/, Davis, 2016)
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Chapter 3: Energy Source Cost-Benefit Analysis: Renewables
In order to draw reasonable comparisons on the efficiency of the generating energy from
different resources, a variety of factors must be taken into account. The EIA has done
extensive research on this subject and has released information on the levelized cost of
electricity (LCOE) and levelized avoided cost of electricity for all energy sources used in
the U.S. The LCOE is summary measure of the overall competitiveness of different
generating technologies. It represents the per-kilowatthour cost (in real dollars) of

Figure 3.1 LACE/LCOE Comparison Table (2013) (taken directly
from http://www.eia.gov/forecasts/aeo/electricity_generation.cfm,
Energy Information Administration, 2015)
27

building and operating a generating plant over an assumed life cycle. Key factors for
calculating this value include, capital costs, fuel costs, operation and maintenance cost
and financing cost. Because these factors can vary greatly across regions, this value
should be compared to the levelized avoided cost of electricity (LACE) for the project,
which is a measure of what it would cost the grid to generate the electricity that is
otherwise displaced by a new generation project. When the LACE value of a project
exceeds the LCOE value, it would generally be considered attractive to build. Figure 3.1
illustrates the LCOE, LACE and average difference values for different fossil fuel and
renewable energy resources, and will be referenced throughout this chapter (Annual
Energy Outlook 2015, 2015).
Although concerns over the destruction caused by fossil fuel based energy sources
is growing stronger and stronger in Kentucky, there is some good news. More and more
renewable energy sources are becoming available that are capable of bringing power to
entire regions. Many states are producing the vast majority of their state’s power via
renewable energy sources, including Idaho who produced 93% of total energy from
renewables and Washington who produced 82% in 2011 (Shares of electricity generation
from renewable energy sources up in many states, 2012). However, Kentucky and most
other states in the region continue to only draw a small percentage of their total energy
from renewable sources. It is also worth noting that as of 2016 Kentucky has no
established renewable energy portfolio standards or goals (State Renewable Portfolio
Standards and Goals, 2016) The first renewable source that I will analyze in this section
is Kentucky’s most widely used renewable source: hydroelectric.
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Hydroelectric
Hydroelectric energy is the most productive renewable energy source in Kentucky
and the second most productive nationwide behind biomass (Renewable and Alternative
Fuels, 2016). Hydroelectric power is generated by using turbines to turn the energy of
flowing water into mechanical energy. Unlike other renewables, Kentucky’s physical
landscape caters quite well to hydroelectric power generation because of the state’s long
network of rivers, relatively wet climate and elevation variance. The idea is that a dam
should be built on river at a point where there is a large drop in elevation. The dam will
cause water to build up in a reservoir, where it will be released periodically, powering
turbines as it flows through the dam. There are currently seven hydroelectric power plants
controlled by the State of Kentucky (Division of Renewable Energy: Hydroelectric
Power, 2016)
The costs and output of hydroelectric power plants can vary greatly due to
technological advances and price changes. For perspective, Kentucky Dam, the largest
dam and hydroelectric facility in the state, was built completed in 1944 at a cost of $118
million, quite a hefty price tag at the time. The net dependable capacity of the dam (the
amount of power the dam can produce on an average day) is 184 megawatts (Kentucky,
n.d.). Figure 12 shows that hydroelectric power has been given an LCOE value, of $83.5
per megawatt hour of electricity for a plant coming online in 2020 and an LACE value of
$69.5 MWh of electricity, resulting in an average difference of -14. This value is
relatively high compared to coal, nuclear and biomass which means that it is projected to
be a better value than these plants. However, this value isn’t quite as efficient as wind (9.0) and natural gas (-3.8 for conventional combined cycle and -1.2 for advanced
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combined cycle (Annual Energy Outlook 2015, 2015). It is worth noting that this
methodology does not take into account the viability of the energy source in Kentucky
specifically, therefore I will be using this information along with the states geographic
factors when determining the most viable course of action for our state.
The main advantage of hydroelectric power is that it is powered by moving water
and thus doesn’t require fuel. Another advantage is that hydroelectric facilities have been
used much longer than other renewable energy forms and are proven to work efficiently
and have relatively low operation and maintenance cost compared to other facilities.
Despite being a renewable source, however, constructing hydroelectric facilities still
comes as a high environmental price. The construction of the dams permanently alters
ecosystems, virtually always affecting native fish species as well as wildlife on
surrounding lands. In some cases dam construction can negatively affect the water quality
of the river. Also, because the energy production from this resource depends on upstream
precipitation that can vary greatly over time, the energy produced from these facilities
can also fluctuate wildly (Perlman, 2016). This can be problematic for the thousands of
families that depend on these facilities for energy.
Solar
The second renewable source that I will analyze is solar. Solar energy is currently
the third most productive renewable energy source in Kentucky behind hydroelectric and
biomass (Renewable Energy in Kentucky, 2014). Solar energy uses technology to turn
the suns heat and light and turn it into electricity. This is done primarily through two
different technologies: photovoltaic (PV) and thermal. PV uses materials that exhibit a
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property of known as the photoelectric effect, which means that they release electrons
when they absorb light. These electrons result in an electric current which is harnessed as
electricity. These photovoltaic cells are put together to form a solar panel. Solar thermal
energy has been around much longer and simply convert the heat from the sun into
electricity. Solar panel systems that are tied to the grid typically cost about $3 to $4 per
watt. Because of the current cost of solar technology and the fact that they can only
produce electricity when the sun is out, they account for much less of a percentage of the
total renewable energy production than wind, hydroelectric and biomass sources in
Kentucky and the U.S. as a whole (2012 Solar Energy Facts, 2012)
The low practicality of current solar technology is reflected by the EIA’s levelized
costs and avoided costs table in figure 12. PV solar has an average LCOE is $114.3 per
MWh while thermal solar is $220.5 per MWh, both of which being higher than the
corresponding values for wind, geothermal, hydroelectric and biomass as well as
conventional coal and conventional natural gas. This is likely due largely to the high cost
of the advanced technology and rare resources required for the construction of solar
panels combined with the relatively small payoff compared to other sources. A solar
system built to power one U.S. household (which uses 20 to 24 kWh of electricity per day
on average) would cost $17,000 on average and can pay themselves off in as little as 10
years in good conditions (Complete Solar Panel Cost Guide, 2016) The average solar
system usually has a warranty of around 20 years, and can expect a lifespan of around 40
years with marginal degradation every year (The Life Expectancy of Solar Panels, 2016)
This relatively short lifespan along with the fact that Kentucky’s seasonal weather
patterns results in rather low solar potential, at least at the industrial level. There are
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several small solar operations (including one on WKU’s campus), which can play a role
in cutting energy prices and emissions on an individual level. However the high costs of
capital needed for harnessing solar energy along with Kentucky’s varied topography and
seasonal climate put it rather low on the list of potential renewable sources for our state to
invest in.
Biomass
The source that accounts for the second highest percentage of energy derived
from renewables in Kentucky is biomass, which is produced by burning plant based
organic materials. Biomass technology includes biofuels for transportation such as
ethanol, bioproducts which is when organic materials are used to make plastics or other
materials usually made from harmful synthetic materials, and biopower, which is when
biomass materials are burned directly to produce energy (Biomass Energy Basics, 2014).
I will be focusing on the production of biopower. Kentucky does have considerable
biomass resources in every part of the state. In 2013 wood, wood wastes, crop residues,
and landfill gas resources generated 332 gigawatt-hours of electricity in Kentucky.
Although this sounds substantial, it still amounts to less than 1% of the total energy
produced in the state, which doesn’t correspond to the potential that the resource has
(Patrick, Blandford, & Waddell, 2014). According to figure 12, biomass resources have
an LCOE score of $100.5 per MWh of electricity and an LACE score of $71.7 per MWh,
resulting in a difference of -28.8. This value is comparable to that of PV solar, nuclear
and conventional coal, which means that investment in these resource should have a
similar returns over a 20 year cycle of a new plant. The difference value for biomass
resources is less than that of geothermal and wind energy, but the practicality of biomass
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in Kentucky is believed to be greater than that of either of those resources (Annual
Energy Outlook 2015, 2015).
Turning organic materials into energy does have a few cons to consider. For one,
burning biomass materials releases about the same amount of carbon dioxide as fossil
fuels. However, biofuels are still better for the environment because the CO2 that they
release is largely offset by the CO2 that they captured during their own growth. This isn’t
the same for fossil fuels because that carbon dioxide they release was captured millions
of years ago and therefore doesn’t balance out like biofuels energy (Biomass Energy
Basics, 2014). The harvesting of biofuels can also be very damaging to the environment
depending on which organic resource is used and the method of extraction. For example,
clearing forests to produce biomass can cause damage that can take decades to recover.
For this reason, biomass should be grown on already cleared land such as under-utilized
farm land or defunct coal mining sites. Although biomass does emit more carbon
emissions on average than other renewable sources, Kentucky would be wise to attempt
to draw more energy from materials that have no other use such as municipal waste,
paper mill residue and lumber mill scrap.
Wind
Energy harnessed from wind has been one of the fastest growing renewable resources in
the U.S. over the past decade, and U.S. wind generation capacity is expected to increase
from less than 60 gigawatts (GW) in 2013 to 110 GW in 2040, resulting in the largest
increase of all renewable energy sources as shown in figure 3.2 (Energy Explained,
2015). Large windmills use turbines to collect the kinetic energy of wind. The blades of
the turbine are connected to a drive shaft that powers an electric generator. The amount of
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electricity that wind turbines can generate is largely dependent on the length of the
turbines. Small wind turbines are often used to power a single home or business and
usually have a capacity of less than 100 kilowatts. The largest turbines have capacities of
five to eight million watts. These larger turbines are often grouped together to create
wind power plants, or wind farms that provide power to electricity grids. Wind power

Figure 3.2: Projected growth of electricity generated from
renewable sources (taken directly from
http://www.eia.gov/energy_in_brief/article/wind_power.cfm
Energy Information Administration, 2015)

generated nearly 182 million megawatthours (MWh) during 2014, totalling 4.4% of U.S.
electricity generation (Energy Explained, 2015). Despite the rise of wind energy,
Kentucky has no wind harnessing technology tied the grid as of 2016.
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As mentioned earlier, Kentucky’s physical landscape doesn’t cater well to
electricity generation from wind. The best locations for high generating windfarms are
flat, treeless areas such as those present in Texas, Iowa, Oklahoma and Kansas, of whom
all of which are part of the five states that generate the most electricity from wind
(Energy in Brief, 2016). Wind turbines must also be carefully positioned in order to
produce energy at their full potential. Although Kentucky lacks high wind speeds and
open prairies found in other parts of the country, the state does possess hilly and
mountainous terrain that could have some wind potential. Valleys in mountainous areas
can create a funnel effect that can intensify wind speeds (Energy Explained, 2015). West
Virginia, another coal dominated state with similar geographic and political climates to
Kentucky, has established a growing wind energy industry despite limited resources.
There are currently almost 600 megawatts of installed wind capacity in West Virginia,
and wind energy contributed slightly more than hydropower to the state's net electricity
generation in 2014 (State Profile and Energy Estimates, 2015). This to me shows that
simply lacking physical geographic factors that are suited for producing energy from
wind is no reason to ignore it as a potential fuel source.
Wind, like every other energy source, has its drawbacks and can negatively
impact the environment. The obvious con is that many consider the colossal machines
eyesores on otherwise visually appealing landscapes. Also, wind turbine technology
requires the extraction and use of many rare earth minerals. A small number of turbines
have also caught fire or leaked hazardous fluids, obviously damaging the biotic and
abiotic environmental factors in the direct vicinity. Perhaps wind mills’ biggest threat to
environment, however, is their disruption of flight patterns of birds and bats. Flying
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animals often have set migration routes and simply can’t compensate for large, unnatural
objects in their way, resulting in deaths that contribute to a decline in the populations of
these species (Energy Explained, 2015). Despite these adverse effects, wind is a limitless
resource whose environmental impacts pale in comparison to those of fossil fuels. The
EIA has assigned land wind energy an LCOE score of 73.6 and LACE score of 64.6,
resulting in a difference of -9.0. This difference value suggests that is the second most
efficient renewable source to invest in behind geothermal and the third most efficient
source of all behind geothermal and natural gas (Annual Energy Outlook 2015, 2015).

Geothermal
One of the more trendy renewable sources in Kentucky and the rest of the nation
is energy derived from the Earth’s sub-surface heat, or geothermal energy. This process
involves tapping into underground reservoirs of hot water. From there, the heat from the
steam given off from the reserve or the hot water itself is used to generate electricity
through the use of steam turbines, similar to how other steam turbine power generators
such as those used in coal and natural gas power plants. The main difference is that heat
from Earth’s interior is an infinite resource and doesn’t emit near the amount of CO2 and
other harmful emissions that fossil fuels do. The three main types of geothermal energy
systems are: direct use systems that use hot water from reservoirs near the Earth’s
surface, geothermal heat pumps that use stable subsurface temperatures to control
building temperatures, and electricity generation plants that require water or steam at
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high temperatures (300 to 700 degrees Fahrenheit) to spin turbines that produce
electricity (Energy Explained, 2015). Although the direct use systems can certainly cut
energy usage and harmful emissions on a small scale, the electricity generating
geothermal systems have the potential to produce massive amounts of clean energy and
accounts for a largely untapped sector of renewable energy generation. Figure 3.3 shows
that the EIA estimates geothermal to have the highest capacity of electricity in
comparison to other renewable sources, largely due to the fact that geothermal heat can
be converted to energy at all times of the day and night unlike wind or solar sources. At
the end of 2013 there were 64 operating conventional geothermal power plants in the
United States, accounting for nearly 2,700 megawatts (MW) of total capacity (Mayes,
2014).

Figure 3.3: Electricity generation capacity of
renewable sources (taken directly from
https://www.eia.gov/todayinenergy/detail.cfm?id=17871,
Mayes, 2014)
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Although Kentucky does have several small scale geothermal pumps used for
controlling temperatures in single buildings or a handful of buildings, the state currently
has no geothermal power plants, and thus produces no electricity available for consumers.
Looking back at figure 1.6 may explain part of this. Kentucky’s subsurface landscape just
doesn’t have anywhere near the energy generating potential found in western states like
California and Oregon. Furthermore, electricity generation from geothermal resources
require some of if the not the most expensive technology of all renewable sources. The
EIA estimated the base overnight cost for the installing geothermal energy generating
technology was estimated to be $2,331 per kW in 2014 for a 50 MW power generator,
with variable O&M costs of 0 and fixed O&M costs of $112.85 per kW produced in a
year. This base overnight cost is slightly less than that of a coal power plant, but the
geothermal generator’s 50 MW capacity pales in comparison to the 1300 MW for coal
and 620 MW for conventional gas/oil (How much does it cost to build different types of
power plants in the United States?, 2015). The capacity of fossil fuels in comparison to
renewables may be the most telling reason as to why Kentucky is so slow to adopt
renewable technology.
What geothermal energy has over fossil fuels is that heat from the Earth is an
infinite resource, which means that fluctuating prices like those of coal, oil and natural
gas aren’t a concern. Like any energy source, however, it does have its share of
drawbacks. Most notably is the high initial price for geothermal technology as previously
discussed. Second, the practicality of the resource is highly dependent on location, with
most high potential locations found in the western part of the country. Third, digging into
the Earth to extract the resource will inevitably affect the geology of an area, potentially
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causing or exacerbating earthquakes in worst case scenarios. This is even more of a
concern in areas of high plate tectonic activity and karst landscapes such as those found
throughout Kentucky. Lastly, geothermal reservoirs must be cautiously managed to keep
the reserves productive for extended periods of time. The EIA has assigned geothermal
energy an LCOE score of 44.4 and LACE score of 70.9, resulting in a difference of 26.5.
This difference value is the only positive value of all energy resources, meaning that all
factors considered, the EIA finds geothermal electricity generation facilities to be the
most attractive energy source to invest in at the present time (Annual Energy Outlook
2015, 2015).
Nuclear
The last renewable source that I will analyze before getting into the potential
course of action for Kentucky is energy derived from nuclear resources. Nuclear energy
is rather unique because, unlike other energy sources, nuclear reactors can be built
anywhere, meaning that physical geography is largely irrelevant. Nuclear reactors
produce heat, which turns water into steam which then turns turbines that produce energy
similar to other electricity generators. The difference is that instead of burning fuels,
nuclear reactors use a process called nuclear fission, or the splitting of atoms, to produce
heat. The fuel used to create this phenomenon is called uranium, an abundant, radioactive
element found in many rocks. Although this does require the use of an exhaustible
resource like fossil fuels, nuclear energy is usually considered a renewable resource
because massive amounts of energy can be harnessed from a relatively small amount of
uranium (How Does Nuclear Energy Work, n.d.). Nuclear energy production is on the
rise in the U.S. The nation produced 789,000 gigawatt hours of electricity from nuclear
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sources in 2013, which accounted for 20% of the nation's total energy generation (Patrick,
Blandford, & Waddell, 2014). Kentucky does not currently produce or consume energy derived
from nuclear power generators.

The main downside to nuclear energy is the cost. The EIA estimated the base
overnight cost for the installing nuclear energy generating technology was estimated to be
$4,646 per kW in 2014 for a 2,234 MW power generator, with variable O&M costs of
2.14 and fixed O&M costs of $93.23 per kW produced in a year (How much does it cost
to build different types of power plants in the United States?, 2015). The base overnight
value and fixed O&M cost is more expensive than any other energy source, fossil fuel or
renewable, that I have discussed. However, nuclear energy's generating capacity is
typically much higher than any other source. The EIA has assigned geothermal energy an
LCOE score of 95.2 and LACE score of 72.1, resulting in a difference of -23.1 (Annual
Energy Outlook 2015, 2015). This difference value is comparable to that of conventional
coal, biomass and solar PV, and not quite on par with natural gas and geothermal.
However, I predict potential returns to investment in nuclear energy to increase in
upcoming years as prices for the advanced technology go down. Other cons to nuclear
energy besides cost include the need to extract uranium, the need for highly educated,
well-paid nuclear scientists and engineers to build and run the generators and the
potential for environmental damage from toxic radiation.
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Chapter 4: Potential Course of Action
Intelligent Energy Choices for Kentucky’s Future
With a virtually unlimited amount of information with conflicting opinions on the
subject of climate change, developing the most efficient course of action may seem like a
daunting task. Kentucky has acknowledged this issue and has released a report titled
Intelligent Energy Choices for Kentucky’s Future. The short term goal of the plan is for
25 percent of Kentucky’s energy needs to be met by reductions through energy efficiency
and conservation and through the use of renewable resources by 2025 (Intelligent Energy
Choices for Kentucky's Future, 2008) This document discussing the plan was released in
2008, a year in which Kentucky emitted 153.5 million metric tons of energy related CO2
emissions. This compares to emissions of 137 million metric tons in 2013. Although this
11% reduction is certainly a step in the right direction, the 2013 level of emissions do not
compare favorably to those of states like Tennessee (96.7 million metric tons) and
Arkansas (67.8 million metric tons) whose population, culture, political climate and
natural resources are comparable to those of Kentucky (Energy-Related Carbon Dioxide
Emissions at the State Level, 2000-2013, 2015). Furthermore, the viability of this plan
imposed by former Governor Steve Beshear seems quite questionable with Republican
Governor Matt Bevin taking office in late 2015. Governor Bevin has requested a two year
extension on the September 6th deadline for a plan on how Kentucky will comply with
new federal environmental regulations and has vowed to “protect Kentucky from any
attempt to impose a federal plan full of job-killing mandates” (Bruggers, Bevin seeks to
keep climate options open, 2016).
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Kentucky’s energy use it projected to increase more than 40% between 2008 and
2025, resulting in the need to produce an additional 7,000 megawatts of electricity. The
first strategy in Kentucky’s energy plan is to improve energy efficiency of homes,
buildings, industries and transportation fleet. Improving efficiency alone can supposedly
offset Kentucky’s growing demand for electricity by 18%. Key aspects of this plan
include establishing an Energy Efficiency Resource Standard (EERS) by implementing
both utility-sponsored and non-utility-sponsored energy efficiency programs, establishing
a transportation efficiency program and strong education, outreach and marketing
programs aimed at generating awareness and jumpstarting action in regards to improving
energy efficiency at the state and individual level (Intelligent Energy Choices for
Kentucky's Future, 2008)
The second strategy of the 2008 plan is to increase Kentucky’s use of renewable
energy. This part of the plan acknowledges that Kentucky’s ability to capitalize off wind
and solar energy generation is limited with today’s technology, but emphasizes potential
to increase production from hydro and biomass sources, specifically through using
landfill gas to generate electricity. The end goal of this strategy is for Kentucky to triple
renewable energy generation to provide the equivalent of 1,000 megawatts of clean
energy by 2025. Necessary actions to achieve this goal include requiring new or
substantially renovated public buildings to use a certain percentage (escalating every few
years) of renewable energy for electricity, establishing new policies and incentives to
encourage renewable energy usage and developing ways to sustainably utilize woody
biomass resources as Kentucky’s major renewable energy resource (Intelligent Energy
Choices for Kentucky's Future, 2008).
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Kentucky’s third strategy of Intelligent Energy Choices for Kentucky’s Future is
to sustainably grow Kentucky’s production of biofuels to hopefully derive at least 12% of
the states total motor fuels demand from biofuels by 2025. This strategy will require
extensive research and development as well as investment in needed infrastructure and
human resources. Kentucky will seek federal support for ventures that promote a market
for ethanol from non-traditional feedstocks such as algae and other non-food crops. Also,
Kentucky will establish a renewable fuel standard for state vehicle fleets and provide
incentives that encourage production and use of biofuels (Intelligent Energy Choices for
Kentucky's Future, 2008).
Strategies four and five are geared more toward achieving energy independence
than cutting back emissions. Strategy four is to develop a coal-to-liquids industry in
Kentucky to replace petroleum-based liquids and strategy five is to implement an effort
to increase gas supplies, including coal-to-gas in Kentucky. The aim of this strategy is to
decrease dependence on foreign oil coming mainly from the Middle East and dependence
on natural gas from other states. The goal for strategy four is to develop a coal-to-liquids
(CTL) industry that will use 50 million tons of coal per year to produce four billion
gallons of liquid fuel per year by 2025 while strategy five’s is to produce the equivalent
of 100 percent of our annual natural gas requirement by 2025 by augmenting in-state
natural gas production with synthetic natural gas (SNG) from coal-to-gas (CTG)
processing (Intelligent Energy Choices for Kentucky's Future, 2008). Although producing
fuels here at home would undoubtedly decrease energy costs for Kentuckians, I feel that
these measures are stepping away from the bigger goal of reducing emissions and
environmental degradation. Utilizing coal to produce oil and gas substitutes still requires
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extracting the coal, virtually destroying landscapes and potentially degrading air and
water quality in surrounding communities.
Strategy 6 is to initiate carbon capture/sequestration projects for coal generated
electricity. Carbon sequestration is essentially capturing emissions from power plants,
transporting them and then injecting them into deep, underground rock formations for
long term storage. Although this process requires advanced technology and intensive site
evaluations for potential storage sites, the EPA estimates that this process can cut
emissions from power plants that burn fossil fuels by 80 to 90% (Carbon Dioxide Capture
and Sequestration, 2016). Kentucky’s goal for this strategy is to have deployed
technologies for carbon management in at least 50% of the state’s coal based energy
applications (Intelligent Energy Choices for Kentucky's Future, 2008). The seventh and
final strategy in Kentucky’s energy report is to examine nuclear power generation in the
state. With no electricity currently produced from nuclear sources in the state, this
strategy will certainly take at least a few decades to be implemented as it will require
considerable research, legal hurdles and public support. The goal for this strategy is to
simply explore the option of nuclear power and decide whether or not it will become a
significant part of meeting the state’s energy needs by 2025 (Intelligent Energy Choices
for Kentucky's Future, 2008).
Although Intelligent Energy Choices for Kentucky’s Future does include some
ideas that could potentially jumpstart a movement toward renewable energy sources, the
legitimacy of its ideas can certainly be questioned. The report was released in 2008 by then
Governor Steve Beshear’s office which had a slightly better track record on conservation
issues than current Governor Matt Bevin, who has vowed to fight against policies aimed at
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reducing emissions and environmental degradation while taking fossil fuel jobs in the
process (Bruggers, Bevin seeks to keep climate options open, 2016). It will be interesting
to see whether or not Kentucky continues to slowly decrease in emissions during Bevin’s
tenure as governor.
Potential Policies
The simplest and most obvious policy to reduce emissions in Kentucky and the
rest of the U.S. is by way of a carbon tax. A carbon tax is simply a tax placed on fossil
fuels that mandates higher taxes on fuels with higher emissions. In this case, coal would
be taxed very heavily, natural gas considerably less and renewable sources such as wind
and hydro would face little to no taxes. The tax would also be placed on imported fuels to
maintain effectiveness. Revenues from these taxes could be used to invest in alternative
energy sources, public transportation or as tax credits to help low income citizens pay for
higher priced energy. Opponents of the idea of a carbon tax should be reminded that the
tax on gasoline and diesel fuel that has been in place for decades is essentially a carbon
tax. However, these taxes have been rendered ineffective due to them not being increased
since 1993 (The Case for a Carbon Tax, 2015).
The idea of a carbon tax is a stark contrast to the previously attempted cap and
trade policy. A cap and trade policy is when a government sets a limit on how much
carbon companies can emit. This "cap” is then issued to the companies as a permit that
can be bought and sold as needed. In a cap and trade policy, the maximum level of
emissions is certain (limited by the cap), yet the price of achieving these reductions is
uncertain. In the case of the carbon tax, however, the price of emitting a unit of pollution
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is set but the quantity of emissions is not. Which is the better choice between the two
depends on how sensitive the level of environmental damage is to changes in emissions
compared to how sensitive the cost of reducing pollution is to changes in emissions. If the
level of environmental damage is more sensitive, the cap-and-trade seems to be the better
option because of the certainty of emissions inherent to that policy. Conversely, if the
cost of reducing pollution is more sensitive to changes in emissions, it would be better to
be certain of the costs needed to lower emissions which points to a carbon tax. Because
the added amount of emissions added to the atmosphere each year is quite small relative
to the amount of total emissions, most economists argue that a carbon tax would be more
beneficial in the short-run. Long-run considerations, however, result in more uncertainty.
Some economists have proposed a hybrid policy that comprises of a cap on emissions but
with adjustment mechanisms such as a carbon price floor or ceiling to control the price of
the permits (Carbon tax v cap-and-trade: which is better?, 2013).
The Clean Air Act of 1990 was essentially a cap and trade policy. One aspect of
this cap and trade mechanism was that 300,000 sulfur dioxide emissions allowances
(right to emit SO2) were set aside for utility companies that utilized renewable energy or
energy efficiency measures (Beck & Martinot, 2004). The Act was enacted to combat the
growing problem of acid rain and has produced positive results including reducing
ground-level ozone (dangerous component of smog) by more than 25%, reducing
mercury emissions by 45% and reducing sulfur dioxide and nitrogen dioxide (the main
contributors to acid rain) by 71% and 46% respectively (The Clean Air Act, n.d.). Despite
the reported reduction in emissions, many experts argue that this policy was ineffective as
only one-tenth of the 300,000 allowances were allocated to energy efficiency or
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renewable energy. Analysis also suggests that allowances prices were not set high enough
to encourage substantial renewable energy investments (Beck & Martinot, 2004). The
carbon tax on the other hand has not been tested to the degree that cap and trade systems
have. However, several states are in the process of proposing such as policy, of which
Washington State is the leader. Carbon Washington, a grassroots carbon tax campaign,
proposes a starting fee of $15 per ton of carbon, which would gradually increase to a cap
of $100 per ton over the next 40 years — the highest price-per-ton of any carbon pricing
scheme introduced so far (Harvey, 2015). Not surprisingly, conservative leaders all over
the world are almost unanimously opposing a carbon tax. This is evident in Australia
where a previously implemented carbon tax policy was repealed when a new
conservative government came to power (The Case for a Carbon Tax, 2015). This to me
is a blatant illustration of the opposing forces of conservative and liberal values that are
acting to hinder movement toward renewable energy in developed nations all over the
globe.
A couple lesser discussed policies that could potentially spark investment in
renewable energy in Kentucky are feed-in tariffs and reverse auctions. Feed-in tariffs
incentivize renewable energy investment by offering a guarantee of payments to
renewable energy generators for the electricity they produce. The payments are generally
set up as long-term contracts spanning over a period of 15 to 20 years. This type of policy
originated in Europe, although the U.S. states of Hawaii, California, Maine, Oregon,
Vermont and Washington currently mandate feed-in tariffs or similar policies (State and
Local Governments, 2014). Reverse auctioning, or tendering, on the other hand is
essentially an auction set up by authorities to utilize competition to spur renewable
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energy projects and keep prices as low as possible. An entity, usually the government,
announces that they wish to purchase a certain amount of electricity from renewable
sources and solicits competitive bids from potential suppliers in order to acquire it at the
lowest cost. Mechanisms called tenders are also part of this process and are basically
additional criteria (such as an emissions ceiling) that the bidders must take in order to
take part in the process (Cozzi, 2012). A combination of feed-in tariffs and reverse
auctioning has been particularly beneficial for France. In 2011, France introduced a
layered policy approach in which feed-in tariffs are used for smaller solar projects (0-100
kW capacity), a simplified tendering process is used for medium sized projects (100-250
kW) and complex tendering is used for large solar projects (>250 kW). This mixture of
the two policies has given the French government better control over market growth
while ensuring that project development is occurring across all size categories rather than
just catering to bigger or smaller projects. Figure 4.1 shows that this strategy has led to
significant and continued growth in installed solar capacity in France from a wide variety
of project sizes (Couture, Jacobs, Rickerson, & Healey, 2015). The lesson learned from
France’s case is that previously tested policies can be combined or adapted in new ways
in order to meet different objectives.
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Figure 4.1: Breakdown of installed solar PV capacity in France from 2011
to 2014 (taken directly from http://www.nrel.gov/docs/fy15osti/63149.pdf,
Couture, Jacobs, Rickerson, & Healey, 2015)
Another policy that has only recently begun to gain traction around the world is
encouraging renewable energy investment through renewable energy (green) certificates.
Green certificates are essentially tradable certificates issued to renewable energy
providers to offset higher capital costs associated with renewable energy. This process
enables a paper market for renewable energy to be created that isn’t tied to actual
electricity sales. Green certificate markets allow producers or purchasers of renewable
energy who earn green certificates to sell them to those who need or want to meet energy
obligations but have not generated or purchased the renewable power themselves. The
Renewable Energy Certificate System was established in 2002 with over 100 members in
14 different countries (Beck & Martinot, 2004). This policy is slowly gaining traction in
the U.S. as 14 states with Renewable Energy Portfolios are allowing part of their

49

renewable energy mandates to be met through the purchase of RECs as opposed to
actually investing the capital for renewable energy generation (Osterkorn & Lemaire). It
is worth noting, however, that because these credits are artificial and are based on
assumptions of the market, the actual role that they play in offsetting fossil fuel based
energy is virtually unknown.
Final Thoughts
The status of the renewable energy market and the factors that affect it have and
will continue to evolve. Renewable energy technology and policy has advanced to a point
to where there is no excuse for any state in the U.S. to still derive 90% of total energy
production from the dirtiest source of all. Kentucky must take measures to make sure that
the true cost of coal is reflected by the market price, and must take steps toward cleaner
energy sources. With natural gas being the fast growing industry that it is as well as being
significantly cleaner than coal, I believe that a carbon tax could speed up the already
occurring shift away from coal and toward natural gas. From there, policies geared
toward promoting investment in renewable sources should be explored. This could come
by way of feed-in tariffs, reverse auctions or a cocktail of policies aimed at driving the
growth of clean energy production, specifically hydro and biomass given the relative
favorability of those sources in Kentucky. As part of a highly developed nation with vast
renewable energy potential, it is our duty to strive for a clean energy plan to set an
example for the rest of world to follow in this pivotal time of advancement.
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